Previous studies have shown congruency effects between specific speech articulations and manual grasping actions. 
Introduction
Several studies have shown that speech and manual movements are connected. For example, when a participant is watching a large object being grasped while simultaneously pronouncing a syllable, the mouth is opened more than when watching a smaller object being grasped [1] . Also, when an open vowel is articulated while grasping an object, the finger aperture is wider than when a closed vowel is articulated [2] .
Ramachandran and Hubbard have suggested that some articulations are mimes of hand actions [3] . For example, words denoting smallness may involve narrowing of the vocal tract (e.g., "little" or "teeny"). This narrowing could be an analogous movement for the precision grip in which the finger aperture is similarly narrow.
Our group has found specific connections between manual grasp actions and articulations [4] . In this articulation-grip congruency effect performing a power grip was faster when it coincided with the pronunciation of the syllables [ We proposed that these associations demonstrate that the network for performing articulatory gestures partially overlaps with grasping networks. For [k] , the tongue body is used to block the airflow at the soft palate, whereas for [t] the tip of the tongue is used block airflow at the alveolar ridge. With the vowels [ɑ] and [i] , the mouth aperture is larger for [ɑ] (an open vowel) than for [i] (a closed vowel). Like Ramachandran and Hubbard [3] suggested, articulations involving larger mouth aperture could be analogues of whole hand movements with larger finger aperture i.e. a power grip. On the other hand, articulations with smaller mouth apertures could be considered analogues of hand movements with smaller finger apertures, like a precision grip. Likewise articulations involving the tongue body could be similar to hand movements using the palm of the hand, as in power grip, and articulations involving the tip of the tongue could be similar to hand movements that involve the tips of the fingers, as in precision grip.
A connection between meaningless utterances and grasping actions supports the idea that manual and articulatory gestures are connected even at a pre-semantic level; processes involved in planning articulatory gestures and grasp actions are partially overlapped. In addition, in a wider evolutional context, the articulation-grip congruency effect can be assumed to be in line with those gestural theories of language evolution that assume that spoken language evolved from or along with communication based on manual gestures and that initial milestone for this evolution was evolution of system that enabled imitation of manual manipulation and grasp actions [5, 6] .
However, to date, all studies about the articulation-grip congruency effect have been conducted with Finnish participants. It is possible that the reported connections are specific to the Finnish language. Although the syllables themselves are meaningless in Finnish, there is still a possibility that the results somehow reflect semantic or other associations that are specific to the Finnish language. In addition to the original study, vocal responses were recorded as well. We have recently shown that the effect is also present in vocal reaction times [7] . As the connections between speech and hand actions have been proposed to be evolutionally old, we would expect these effects to be universal and not specific to Finnish. Thus, we expected to find an interaction between articulation and grip execution in all blocks; for a consonant change ( 
Methods

Participants
Sixteen volunteer native English speakers participated in the experiment (3 male). Two participants were from the United States; the rest were British. The mean age was 22.5 years (range 19 to 31 years). All participants were right-handed (one ambidextrous) and reported normal vision. Written informed consent was acquired from all participants who received a £ 6 Amazon voucher as compensation for their time. The study was conducted at Kingston University London, U.K. The study was approved by the Ethical Review Board in Humanities and Social and Behavioural Sciences at the University of Helsinki.
Equipment, stimuli and procedure
The experiment was conducted in a dimly lit sound attenuated room. Participants sat in front of a computer screen wearing a head-mounted microphone and holding the response devices in their right hand (Fig. 1) . The response devices were equipped with a micro-switch. The cube-shaped precision grip device measured 1×1×0.7 cm and the cylinder-shaped power grip device was 12 cm long, and 3 cm in diameter. There was noticeable tactile feedback when the switches were pressed. The devices were marked with blue and green tape. Stimulus presentation and sound recording were done with Presentation® software (Version 16.1, www.neurobs.com).
The experiment consisted of three blocks, with one pair of vowels or syllables in each block. Each trial started with a blank screen for 2000 ms, followed by the syllable/vowel written in light grey in the middle of the screen for 400 ms after which it changed color into green or blue (see Fig. 1 ). The color indicated which grip response was to be performed. Seven participants responded with a precision grip to green stimuli and with a power grip to blue stimuli. For the remaining nine participants this mapping was reversed. The color change acted as the go-signal for both manual and vocal response. The colored stimulus remained on screen until a manual response was made, or maximally for 2000 ms. Erroneous manual responses were followed by a short "beep" tone. 
Data and statistical analysis
Vocal data were analyzed using Praat (5.3.49). Onsets were located individually for each trial as the first observable peak in the acoustic signal for the consonant burst or the vowel onset. Erroneous manual and vocal responses were removed from the data (in total 4.8% of the data). The remaining manual and vocal reaction time data were filtered for each participant so that values two standard deviations smaller or larger than the mean were removed. This left 91.2% of the manual and 90.8% of the vocal data for the final analysis. 
Results
[kɑ]-[ti] block
Both manual and vocal reaction time results are presented in Figure 2 . For the manual reaction times there was a main effect for grip, F (1, 14) =15.262, p=.002, η 2 =0.522. Precision grip (631 ms) was performed more quickly than power grip (673 ms). Importantly, the syllable-grip interaction was also significant, F (1, 14) 
[ke]-[te] block
006).
There were no significant error rate effects. 
[ɑ]-[i] block
Discussion
We found the articulation-grip congruency effect with syllables [4, 7, 8] .
However, the congruency effect was completely absent in the [ɑ]-[i] block. This is in contrast to studies with Finnish participants, for whom the effect is found also with these vowels [4] . So it seems that the congruency effect is not language specific for consonants, whereas it could be language specific for vowels. In English the correspondence between orthography and pronunciation is much more irregular than in Finnish. It is possible that seeing a certain letter activates several different phonological representations in English speakers, given that seen letters have been proposed to be automatically mapped to corresponding phonetic representations [9] . The current results could reflect that vowel graphemes (e.g., ⟨A⟩ and ⟨E⟩) activate a wider variety of phonological representations than consonant graphemes in English speakers. If the articulation-grip congruency is based on congruencies between specific articulatory gestures and grips as we have previously suggested [4, 7, 8] , it may be that the activation of several phonological representations (i.e., articulatory representations, [10] ) would cause the congruency effect to vanish. This could mean that the vowel effect is not necessarily specific to Finnish, but its absence is specific to English or any other language with ambiguities between orthography and pronunciation. However, there are some points regarding the current study that prevent us from making a strong claim about this issue. First of all, the stimuli were visually different from stimuli used in our previous studies, i.e. ⟨AH⟩ and ⟨EE⟩ instead of ⟨A⟩ and ⟨I⟩. This writing form was chosen to facilitate natural pronunciation of the stimuli as [ɑ] and [i], but it could have actually caused some other, yet unknown, interference in the effect. Second, five participants kept mispronouncing one of the vowels, which is a concern since the effect is thought to be based on an overlap of specific motor representations. This raises an interesting possibility; the effect might not be related to the open-close aspect of articulation and grasping, but more to front-back dimension. This is because [ae], which was how the participants mostly mispronounced [ɑ] as, is a front vowel, as is [i] . Indeed, we have recently shown a similar congruency effect between front-back hand movements and articulations [11] . The grip effect could actually be a manifestation of the same phenomenon. Precision grip can be thought of as more of a pointing gesture, where the index finger and thumb are pointing outward. On the other hand, in the power grip all fingers are pointing more backwards, towards the palm of the hand. It has been argued that stimulus-response effects, like the articulation-grip congruency, usually require selection between two opposite alternatives [12] . If the effect indeed operates in the front-back domain instead of the open-close, we would not expect an effect if the responses are both front vowels. The number of participants in the current study was too low to statistically test these speculations. This could be studied more in the future, for example, by pairing a more closed back vowel, such as [o] , with [i] .
The fact that several participants mispronounced the vowel [ɑ] as [ae] seems to actually support the above proposition that the letters activated other phonological representations, even despite the training on pronunciation received prior to the experiment. Possibly similar phonological activation occurred with the other participants too, but they managed to successfully inhibit it and respond with the correct utterance. This should be accounted for in future studies, where abstract symbols could be used instead of letters in order to avoid multiple phonological representations to be activated.
Notwithstanding, the fact that the articulation-grip congruency effect was replicated with the consonants agrees with the hypothesis that the effect is not specific to the Finnish language. Hence, this finding is in accordance with suggestions that speech-hand connections are evolutionally old, and not some learned abstract associations, and that their motor networks are partially overlapping [5, 6, 8, 13] . In the field of language acquisition, recent results demonstrate that manual actions can drive tongue protrusions of small children [14] . Comparing these results to our results, which indicated a strong connection between specific grasp actions and articulation, lead us to hypothesize that manual actions could be used to assist speech development in children. Perhaps executing specific grasping actions could guide a child towards proper pronunciation of a certain speech unit.
The results of the current study partially support the hypothesis that the articulation-grip congruency effect is not specific to Finnish, but can be observed in English as well. The effect was replicated with consonants. However, this was not the case with vowels. This could be due to the difference in the correspondence between orthography and pronunciation in Finnish, where it is strong, and English, where it is weak. The current results warrant further studies with English speakers and offer valuable theoretical considerations about the nature of the effect.
